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Abstract

The US termitories in the Cantbbean (Puerto Rico and the U8, Virgin Islands) lie
within an actively deforming plate boundary zone. Proper determination of earthquake
hazard for these islands will be based on the identification and characterization ol active
faults and the determination of the microseismicity associated with them,

One task undertaken in this program was the development of unified catalog of
microearthquakes for the region near the U.S. Territories in the Caribbean. By applying
newly acquired clock corrections o LDEQ network data (from a previous NEHRP
proposal) and combining that data with USGS/PR network data, we were able to form the
unified catalog More than 9 000 events have been rescued from 1975-1982 by this effort,
covering more than 700 km of the NE Canbbean seismic zone That new catalog will
greatly improve our understanding of the seismotectonics of the NE Caribbean.

ldentification of microearthquakes related to specific submarine faults in the
Anegada Passage region, and just off the coast, western Puerta Rico is another task.
Microearthguakes in the newly formed catalog of the local seismic network have be used
to determine the level and 3-D distribution of seismic activity on the most important
faults in those areas. For the Anegada Passage region, the best station distribution (even
better than today's) 15 the period from 1975-1978,

Finally, we have constructed 10 composite focal mechanisms by use of P-wave
first motions for events in the Anegada Passage region. Those mechanisms have been
compared with the 3-D geometry of the seismicity on the fault, as well as the mapped
trace of the segments of the fault. Eight of the solutions are normal faulting and the othes
two are oblique stnike-shp with a normal component. These events descnbe an
extensional regime oriented essentially E-W. The data are consistent with regional
stresses induced by arc-parallel extension




Investigations Undertaken

One task undertaken in this program was the development of unified catalog of
microearthquakes for the region near the LS. Terntories in the Caribbean. By applying
newly acquired clock corrections to LDED network data (from a previous NEHRP
proposal) and combining that data with USGS/PR network data, we were able to form the
unified catalog More than 9,000 events have been rescued from 1975-1982 by this effort,
covering more than 700 km of the NE Caribbean seismic zone. That new catalog will
greatly improve our understanding of the seismotectonics of the NE Carihbean

ldentification of microearthquakes related to specific submarine faults in the
Anegada Passage region, and just off the coast of eastern Puerto Rico 15 another task
Microearthguakes in the newly formed catalog of the local seismic network have be used
to determine the level and 3-D distrnibution of seismic activity on the most important
faults in those areas. For the Anegada Passage region, the best station distribution {even
better than teday's) 1s the period from 1975-1978

Finally, we have constructed 10 composite focal mechanisms by use of P-wave
first motions for events in the Anegada Passage region. Those mechaniams have been
compared with the 3-0) geometry of the seismicity on the fault, as well as the mapped
trace of the segments of the fault. Eight of the solutions are normal faulting and the other
two are oblique strike-slip with a normal component. These events describe an
extensional regime orented essentially E-W. The data are consistent with regional
stresses induced by arc-parallel extension

Results- Development of a Unified Catalog of Microearthquakes

We have applied the clock corrections made available under a previous NEHRP
program to the LDEQ network data and merged with USGS/PR network data to form a
unified catalog for the period 1975-1978. LDED network data spans 1975-1982, the hie
of the network.. PR network data spans 1975-1978 (Tahle 1) Therefore, the merged
dataset spans 1975-1978. When data from the PR network for the period 1979-19%82
becomes available, it will be easily merged with the LDEQ network data provided heremn,
Maore than 9,000 events have been rescued by this effort. Stations codes have been
converted to the 4-letter code format and contlicting codes converted {Table 2). The final
bulletin and final catalog were checked for order in time and duplicate events removed
In the pocket in the back of this report are several diskettes containing oniginal network
phase data, the clock corrected, as well as the merged data forming the new regional
catalog. The readme file describes the contents of the files and the purpose of the
FORTRAN programs used to develop the dataset

Stations on Puerto Rico used the velocity model of Asencio (1980) for locating
events. Stations of the NE Caribbean network (LDEOQ) used the average velocitv model
developed by Fischer and McCann {1984) o determine locations, Even though some
station delavs were calculated to the vanous models developed by them, we did not apply
any of them during this phase of the relocation process. Our intent now is merely to
develop a unified catalog with basic new, microearthquake locations. The Fischer and
McCann model is a calibrated velecity model using multi-ton cahibraton shots. All
events were located using the Y2K compliant version of Hypoellipse.




Coda magnmitudes were calculated using the parameters of the NE Caribbean
network developed by Frankel (unpubl. Data), Coda corrections developed for that
network magnitude scale were not used

Results- Seismotectonics of the Anegada Passage Region

Another task was the development of fault plane solutions using first motion data,
and the identification of microearthquakes related 1o specific submarine faults in the
Amnegada Passage region and just off the coast, western Puerte Rico. Microearthquakes in
the newly formed catalog of the local seismic network were used to determine the level
distribution of seismic activity on the most important faults in the area. Events were
chosen based on typical parameters such as gap, distance to closest station and vertical
and horizontal errors. For the Ancgada Passage region the best station distribution {even
better than teday's) 1s the period from 1975-1978. (That good distribution continued until
1982, but the data from the Puerto Rico network Tor the period 1979-1982 has yet to be
analyzed). OF particular interest 15 the maximum extent of the depth of seismic faulting,
and the segmentation of any fault. Knowledge of both of these parameters will have an
important impact on the determination of the potential of the fault to generate damaging
earthquakes.

First motion data for locally recorded microearthquakes was used o construct
fault plane solutions of events in the Anegada Passage region, We defined the region by
I7T'N-18.75"N and 66 5"W-63"W_ Events on or north of the PRV platform were then
excluded. The remaining events were then filtered to exclude those with no 8 arrival, any
error greater then 10 km, a depth greater than 30 km, or less than 6 first motions, The
remaining events were checked for to assure a high guality location. Fault plane solutions
were then determined using FPFIT. Mearby events with 4 or more first motions, and high
quality locations were then added it found to be compatible with the first fault plane
solution. A total of 10 composite solutions were developed (Figure 1) Tables 3 and 4
contain the pertinent information about the events used, and the parameters determined
for the fault plane solutions,

Eight of the solutions are normal faulting and the other twe are cblique strike-slip with a
normal component. These events describe an extensional regime oriented essentially E-
W The data are consistent wath regional stresses induced by arc-parallel extension
{(McCann et al |, 1996), but are not consistent with present-day counterclockwise rotation
of the Puerta Rico microplate about a nearby pole of rotation, or just trench roll-back
inducing M-5 extension. We find no evidence in the present dataset in support of a N-NE
oriented T-axis as suggested in other models based on seismic retlection data (Jany et al.,
1987),

Tahble 3. Parameters for events used in composite fault plane solutions,
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Table 4. Parameters of composite fault plane solutions from FPFIT
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FRFIT Fault Flane Solutions
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Figure |. Onentation of two most horizontal stress axes for composite fault plane
solutions.

Non-technical Summary

This program has developed a digital catalog of microearthguakes for the US
territories in the Caribbean. Data are for the peniod 1975-1982. More than 9,000 seismic
events are to be found in the catalog, Some of this earthquake data was analyzed to
determine the style of faulting in the Anegada Passage near Puerto Rico and the US
Virgin Islands. We found the regions to be deforming in an extensional manner, with
tensional stresses directed East-west.

Final report and Dissemination

Two abstracts and two articles are being submitted for publication. One article 15 a
note describing the newly rescued unified catalog, and another describes the results of the
investigation of the Anegada Passage. Unified catalog data and other information are
available by sending an e-mail 1o esc@envisionet net, attn. W, McCann, data can be sent
by e-mail or diskette and are in * #ip compressed format




